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I, INTRODUCTICN

Tor many years it has been known that the intestin-
al tract of man and animals is the habitat of miilions
of micro-organisms. Comparatively little work has been
directed to the intestinal flora of the fowl especially
in-so=-far as a systematic study is concerned. Iliany work-
ers have reported various organisms as occurring in the
feces of the fowl but none have attempted a study of the
percentage occurrence of the organisms present, It
appears that such a study would be of extreme importance
as enteritis, apparently due to many factors, frequently
occurs, The fact that this condition often becomes
chronic would lead one to believe that the bacterial
flora of the feces and intestinal contents of the fowl
may be important in such cases and may throw a new light
on certain factors which have here-to-fore been over-

looked.,



II., Historical

Kern (1) found twenty one species of bacteria in
the intestines of twenty four birds investigated by
him. A common characteristic of the bacteria isolated
was their ability to liquefy gelatin. A relatively
large number revnroduced by spores. Only a few pro-

duced color and these were principally mierococci.

Bacillus coli was the predominating orgenisn,

Although Schottelius (2,3,4 ) did not identify
organisms of the intestinal flora, he found that the
presence of micro-organisms in the intestinal canal
was necessary for the normal development of the chick.
e concluded from his classical experiments, in which
chicks Wére hatched, fed and grown under strictly
sterile conditions, that the micro-flora of the
digestive tract assists in the resolution of food con-
sumed, that substances which stimulate peristalsis
by then irritating action on the intestinal wall
are produced, anc, that the normal flora destroys and
prevents proliferation of pathogenic organisms which

gain access to the intestinal canal,

King (5) found the flora of the intestinal mucosa
to be to a certain extent constant., This flora appears

to depend upon the environment and varied within cer-



tain limits according to external conditions., BRacillus
coli was the predominating organism and it wes almost
always found in the ceca and colon, frequently found in
the lower portion of the small intestine and rarely

found in the duodenum,.

Gage (6) found that the intestinal flora of 43
healthy fowls varied to some extent with the conditions
of environment and different stages of life. Bacillus
coli was the predominating organism. ZFew obligate an-

aerobes were present,

Rahner (7) found Esche coli, gram-positive cocei,

molds, Bacillus megatherium and lactic acid bacteria in

the intestines of hens. He thinks that Zsche. coli is a

constant inhabitant and tends to crowd out other organ-
isms whose nature depends to a great extent upon the food

consumed, Ische c0lil increased in number as the cloaca

wa.s approached,

3

lZenes and Rochlin (8) found the flora of hens to
contain but few species of bacteria and to be identical
in all parts of the intestines. The uniformity of the
micro-flora is explained by tlie presence of energetic
acid builderse. Thistheqthink also expleains the absence
of putrefactive bacteria and their associated decomposition

processes,



ITI. D BACTERIAL TIORA OF TIEE FZCLS OF
HEALTIY IATURE ZOVIS.

PROCEDURZ Samples of fresh feces were collected in
sterile test tubes from the cloaca of apparently healthy
birds. A portion about the size of a pea from each sam-
ple was transfered to a tube containing 5 c.ce of sterile
nutrient broth. The mixture was thoroughly emulsified.
Dilutions of 1 to 100, 1 to 500, 1 to 1000, 1 to 10,000,
and 1 to 100,000 were plated on nutrient agar medium.
All samples were diluted and plated in duplicate, The
plates were then incubated for 48 hours at 37°C. 1In
most instances all of the colonies were picked from the
platess In certain instances when desirable plates were
not obtained all of the colonies were picked from a
representative portion of the plate, Transfers were
made to slants of nutrient agar and incubated for 48
hours at 37°C. The slants were then replated and in-
cubated for 48 hours at 37°C after which the organisms
were transfered to nutrient agar slants. These slants
were kept as stock cultures, transfers being made from

them for work on identification.

All of the colonies growing aerobically on the
original plates were marked, These plates were then
placed in anaerobic jars and incubated for 7 days at
37°C in order to isolate any oblizate anaerobes which

might be present.



The orgenisms, after being obtained in pure culture,
wvere first stained by Burke's modification of the Gram
stain (9) and streaked on nutrient agar slants in order
to study their morphological and cultural characteristics,
Bergey's llanual (10) was followed in a large measure in
identifying the organisms although frequently it was
necessary to resort to other sources ( Weldin (11) and

Ford (12) ) for a more detailed description of specifiec

organisms,

'Acid and gas fermentation studies were first made
on dextrose, lactose and sucrose peptone water media.
These data together with those already obtained were
sufficient in many'instances to place the organisms in
their proper genus. Growth on mannite, maltose, arab-
inose, raffinose, dulcite, dextrin, salicin, rhamnose,
Xyloseyand sorbitol peptone water media as well as
tryptophane broth, litmus milk and nitrate solution
were very useful in identifying many of the organisms.
However, it was necessary to resort to other media for

the identification of certain organisms,

The acetyl-methyl-carbinol test of Vozes and Pros-
kauer (13) and the methyl red reaction as described by
Clark and Lubs (14) were used in differentiating Ye tween

the genera Zscherichia and Aerobacter. There proved to

be a very marked correlation between these tests. This
corresponds to the findings of Levine (15), Clark (16)

and otherse.



RESULTS,. The occurrenceof Escherichia coli in the

feces of these hens varied from 5.4 to 78.3 per cent,
the average occurrence of this organism being 33,66

per cent. FEscherichia communior varied in the feces

of the same hens from 3 to 78,8 per cent, the average
occurrence of this organism being 31,02 per cent. The
occurrence of these two organisms collectively rarely fell

below 40 per cent in individual birds. Escherichia

neapolitana and Escherichia acidi lactici occurred in

the feces of two hens while Escherichia alcalescens

occurred in the feces of but one bird.

Staphylococcus citreus occurred in the feces of

eight birds. While this organism was not present in
great abundance it occurred more frequently than any

organisms with the exception of EZsche. coli and Isch.

communior, its occurrence varying in individual birds

from 3,1 to 20,4 per cent. Staphylococcus albus- - -

océurred in the feces of but three birds, ~ -

Organisms of the genus Bacillus occurred very
frequently but usually in small numbers. Often sev-
eral species were found in the feces of the same bird.

B, mycoides and B, subtilis were most prevalent, each

occurring in the feces of five birds. 3. cereus
occurred in the feces of four birds, while B. cytaceus,

B. tritus, B. circulans, B. megatherium, B. petasites,

B. ramosus, B. cohaerens and B. vulgatus each occurred

in thé feces of one bird.
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Aerobacter aerosenes was found in the feces of but

two birds and constituted, respectively, 5.1 and 6.1 per

cent of the total intestinal florae.

Two obligate anaerobes were found in the feces of the

twenty birds, Bacteroides bifidus occurred twice while

Clostridium sporogenes occurred but once.

Achromobacter liguifaci=ns occurred in the feces of

three birdse. Salmonella icteroides ond Actinomyces micro-

flovus occurred in the feces of t7o birds while the rencine-

O}

ranisms occurred vut once in e

~

-~

inz o faces of various birdse

=

An organism not identified occurred in the feces of
three birds. It représented, respectively, 5.4, 38,3 and
36 per cent of the total flora. The behavior of this or-
ganism was so nearly alike in each instance that it seems
hiznly probable that 2ll three cultures were identical.
The organism constantly stained negative by the Gram stain
but showed a very high per cent of involution forms hen
srown on various media. Its motility and physiological activities
on different media varied so greatly from time to time that

identificetion weas impossible,
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IV, TiIE BACTZERIAL FILORA OF TIE FECES OF
TWO WEIKS OID HEALTHY CHICKS.

PROCLDURE « The method of procedure was the same
as8 that followed in determining the bacterizl flora of
the feces of healthy meture birds,

RESULTS, The presence of EZsch.coli and Esche. com-
munior in the flora of the feces of the baby chicks

studied appeared to be rather varisble. IEsche coli

was absent in the feces of two of the ten chicks while

Esche communior was absent in the feces of one chick.

Ische ¢c0li was most abundant in the feces of chick Mo,

4 where it constituted 74.1 per cent of 2ll organisms
present. In the feces of chick No. 1 80,7 per cent of

the organisms proved to be Ische. communior. The average

per cent of Zsche. coli found in the feces of the ten

chicks was 263, while the average per cent of Ische

communior was 33,01 . Ische acidi lactici occurred in

the feces of four chicks and constituted from 10,7 to 30,2

per cent of the total flora. Zsche. leporis occurred in

the feces of one Rhick,

Staphylococcus citreus and Staphylococcus albus

occurred in the feces of two chicks while Staphylococcus

aureus occurred in the feces of one chick,

Crganisms of the genus Eacillus occurred in the
feces of many of the chicks but usually represented a
small percentage of the total flora. B. mycoides was

found in the feces of six chicks, B. mesentericus and
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Be subtilis were found in the feces of two chicks while
13_0 1actiS’ 2. etaSiteS, _Eo flavus, E. vulgia.tus, _B_o

terminalis and B. circulans each occurred in the feces

of but one chicke.

Aerobacter aerogenes was found in the feces of

two chicks to the extent of 4,5 and 20.4 per cent

respectively.

The remeining organisms occurred but once in

the feces of the wvarious chicks.



V. THS BACTERIAL FIORA OF T INTESTINAL COX=-
TEIITS O TEN CIIICKS AFFECTLD WITH
PULLORUM DISZASE,

PROCEDURE A sample of the intestinal contents was
placed in 5 ce.ce 0f sterile physiological salt solution.
In instances where no contents were readily available
the mucosa was scraped with a sterile scalpel, the
scrapings being placed in 5 c.ce 0f sterile physiolog-
ical salt solution. In either case the samples wviere
thoroughly emulsified and a procedure similar to that
employed in determining the bacéerial flora of the feces
of healthy mature birds was followed. It is regretable
that no record was kept as to the exact location from
which the samples were taken as lallmann (17) has shown
that there may be considerable variation in the presence

of Salmonella pullorum at different levels of the intestin-

al tract. Sale. pullorum was isolated from the wvarious

organs of the ten chicks with the exception of chicks
Noe 2 and Noe. 8, No attempt was made to isolate any ob-

ligate anaerobes which might be present,

RoSULTS The occurrence of Ische coli and Ische com-

munior in the intestinal contents of these ten chicks
did not correspond to their occurrence in the normel

chicks studied. Z=sche coli was absent in the intestinal

contents of two chicks and varied in the remainder from
4,1 to 30 per centy being present in an average of 10.9

per cent. An average of 2 per cent of the flora of the
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ten two week old chicks affected with pullorum
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of the intestinal contents of ten chicks consisted of

o

msche coli, this organism being absent in eizht chicks

and constituting 13.9 to 6.9 per cent of the flore of

the intestinal contents in tlie remaining two chickse.

There was also a merked reduction in the prevalence of snpore

Fh

spore vearing orgenisms in the intestinal contents o
these ten chicks as corpared to the nornal chicks studied.

vecrers constituted an averazge of 3.9 per cent of

(9]
e}

por

D

T, mvcoides occurred in the

— e

the total orzanisms present,

intestinal contents of t7o chicks while _. subtilis, .

rorocus ond ne fucifernis occurred hut once in the intes-

tinal contents of
M L * FR ) R . ) -
There seencd to te very litile chengce in the prevalence

2.

of Stophvlococcus in the intestinal contents of the above

chicks, Staphe citrcus and Staxh, auvreus both occurred in

1

he intestinal contents of t7o chicks wthile Stosh, 21bus

occurred in the intestinel conitents of but one chiclte

e 3113 1 s 4T T AT 3
S2le Dullorum was the orecominsting orzenisnm in the

antion of e “re: : i
C2DTl0nN 0L oOne, N2 occurrence of this orjonism ranged

Fal -, -~ ] - ~ -
from 1341 to 7443 ner cent of the totel oranisris »res

D

nt

in the flore.
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VI. THE BACTERIAL FLORA OF T:iIE IXNTESTINAL CON-
TZNTS OF TWINTY ADULT BIRDS AFFECTED
WITH ZNTERITIS,.

PROCEDURT . The method of prod¢edure was similar to

that followed in determining the bacterial flora of the
intestinal contents of the ten chicks affected with pullor-
um disease, It was necessary to secure more samples

from scrapings from the mucosa as diarrhea was a com-

moy symptom in these birds and the intestinal tract was

in most instances devoid of abundant contents. No record
was kept as to the exact location from which the samples
were taken and no attempt was made to isolate obligate

anaerobic organisms which might be present,

RESULTS. There was a marked variance in the prev-

alence of Ische coli and Esche communior in the intestin-

al contents of these twenty hens as compared to the flora

of the feces of apparently healthy birds, ZEsch. coli was

absent in the intestinal contents of eight birds while

Esche cormunior was absent in the intestinal contents of

8ix birds. XZsch. coli represented an average of 12,2 per

cent of the flora of the intestinal contents of the twen-

ty birds, Zsch. cormunior comprised an average of 10 per

cent of the total flora in the same birds.

B. cereus, B. mycoides, B. subtilis, B. megatherium,

Be cohaerens, B. fusiformis and B. ramosus occurred in

the intestinal contents of the various birds and repre=-



sented an fverage of JSe¢° 7er cent oi
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Stot1e cureus and Stornh., 2lbus rendresented an cvers.e
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occurrcnce in the intestinal contents of these birds of
eD e rinz in the florae four o six
5¢5 ver centy occurring in the florea of Tou nad X

birds resnectively.

The presence of Stren, lactisy Stren, citrovorus,

Stren. pvozenes and Strepe. bovis constituted an averz.ge

of 440 ver cent of the orgenisms present in the intestinal

contents, occurring in 5, 1, 2, and 1 birds resnectively.

As a rule the majority of the orzenisms making up the

flora of the intestinal contents of these birds belonsed

[N

to the zenera Jelmonella and “berthella. An average of

4

204 per cent belonged to the former genus while an averasge

4

0f 35345 per cent belonzed to the zenus “bherthellas,
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CELLULCSE DLCOMPOSITION

PROCEDURT » As cellulose decomposing organisms have

been found in the feces of practically all domesticated
animala an experiment was set up to study the cellulose
decomposing organisms occurring in the feces of the nor-

mal adult bird.

Samples of fresh feces were collected from the cloaca
of fifty hens in sterile test tubes. A portion of feces
the size of a large pea was transfered from each sample
to test tubes containing Cmeliansky's medium (18). After
transfering the feces to the medium one ce.ce of sterile
0il was placed on the surface of the medium although it
was later found that the addition of this o0il was un-
necessary providing the tube was tightly sealed. The
tubes were then incubated at 37°C overnight after which

they were allowed to stand at room temperaturee.

RESULTS. Readings were taken at seven day intervals
as indicated in table Yo.5, The first evidence of
cellulose decomposition occurred at the end of the sixth
week., Additional tubes showed evidences of cellulose
decomposition until the fifteenth week after which 17
tubes remained in which decomposition failed to tzke
place. At this time the filter paper in 33 tubes was

completely wilted and many of them completely decomposed.,

Microscopic examination of smears from the medium

revealed a variety of orgenisms. Xowever, in most of the



Table l0.5.

CELLULOSZ DZCONPOSITION

Time

Condition of filter paper .

20 90 00 [ L XYY

)

Y

Yo change

Toe of tubes

*
-

3

" e o

Sligntly wilted ¢ Completely

Yo. of tubes

wilted
Noe. of tubes

7 days

50

1 50

21 " : 50 : :

28+ 50

35 " : 50 : ;

42 " : 48 : 2 i

49 " : 40 : 8 : 2

56 " : Sl : 15 : 4

63 " : 27 : 8 : 15

70 " : 24 : 5 : 21

77 " : 20 : 7 : 23

84 " : 17 : 8 : 25

91 " : 17 : 5 : 28

98 " : 17 : 2 : 31

105 " : 17 : 0 : 33
" 0 33

112

17
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tubes gram negative rods and gram positive coccl prevailed.
The cocci always seemed to be in closer contact with the
decomposing filter paper while the rods seemed in great-

er abundance in suspension in the medium. Tn many tubes
involution forms, while not in abundance, were consider=-
ably in evidence. Spores were numerous in many tubes,

while Actinomyees were abundant in a few., All attempts

to isolate the organisms responsible for the decomposition
of the cellulose in pure culture failed, "hile many of
the orzanims of the fecal flora are not capable of

growth in this medium, they are no doubt able to survive.

It seems that more then one species of organiem or
symbiotic relationship of organisms was responsible for
the decomposition of the cellulose as the fiiter pe.per
igp all of the tubes was apparently not attacked in the
same manner. In some tubes, translucent spots sur-
rounded by a yellowish brown ring appeared, in others,
the filter paper became fringed at the edges, while in
others, the surface of the paper became fuzzy. In
nost of the tubes the sediment tended to become black or
slate gray probably due to the fact that hydrogen sul=-

phide was formed in mosd of the tubes.

It is interesting to note that repeated transfer
of small pieces of filter paper or at least 1 ce.ce of .
the licuid portion of the medium after the filter paper
began to wilt greatly shortened the period in which the
filter paper was decomposed, In several cases after four

transfers the period was shortened from eight weeks



o0

originally required for cellulose decomposition to
three days. The transfer of very small pieces of filter
paper or of very small quantities of the liquid portion

of the medium failed in each instance to produce growth.

If small pieces of filter paper were smeared on
nutrient agar and salt free nutrient agar abundant
growth occurred during twenty four hours of incubation
at 37°C. If this growth was heavily transfered back to
Omeliansky's medium cellulose decomposition again be-
came very slow and required almost as long for decompos-
ition as originglly. This was true even though the cul-
tures were transfered after twelve hours. If these cul-
tures were transfered after 30 to 36 hours cellulose de-
composition failed to take place. Transfers made to
nutrient broth containing filter paper and incubated at

room temperature failed to produce cellulose decomposition.
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VIII. pH OF THE F:iCES CI' I'ORIAL ADULT BIRDS.

PROCEZDURE o Samples of feces were collected from the

cloaca of normal adult birds in sterile test tubes. The
sample was thoroughly emulsified in neutral sterile dis-
tilled water, The pH of the sample was then determined

by Youden's hydrogen-ion concentration apparatuse.

25SULTS. 1. 7.115 28, 34,040 55. 64690
2¢ 74235 29¢ 64940 56e Te615
3¢ 386210 30s 64360 57« 76370
4e 64775 3le 64350 58+ 74370
5¢ 74450 324 64945 59 64435
6e 7785 33e 64265 60s 545385
Pe 64095 34e 64860 6l. 64180
Be 64435 35e4 74200 62 66350
9¢ 64265 36e 74200 63s 64945

10e 64435 37¢ 64690 64e Telld
1le 74700 38e 64265 65¢ 74115
12, 6.945 39 643950 66e 54840
13, 74615 404 74530 67 64690
14, 7,030 41, 6,945 63s 64860
154 74530 42, 64520 69 54925
16e 64265 43, 64520 70. 64860
17. 64860 44, 64435 7le 74285
18, 64690 45, 64605 72¢ 64945
19, 64180 46, 64180 73 64350

20s 74530 474 54,500 74, 54,585
2le 74115 48, 54250 754 74200
22¢ 64605 49, 64435 76e 64945
23s 84210 50s 74235 77¢ 54500
24 8,210 51le 64945 78« 54500
R5e 64520 524 74200 79« 64095
26 64860 53s 64690 80s. 64520
274 64690 54, 64945 8le 66435

The pH of the above samples of feces varied from
5¢5 to 342, the average of the eighty one samples being

6e72 o
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IX. DISCUSSION.

TMundamentally there seems to be very little differ-
ence in the bacterial flora of the feces of the ten two
weék:eld normal chicks and the twenty normal adult birds
studied, However, there seems to be more stability in the

occurrence of Ische co0li and Ische communior in the feces

of the adult birds'than in the feces of the chicks. One
or the other of these two organisms was absent in the
feces of three chicks. Thirty four organisms were found
in the feces of the ten chicks while the same number was
found in the feces of the twenty hens studied. 1In health
it is probable that there is a tendency in early life

to acquire a flora in which Ische co0li and Isch. conm-

munior are to predominate,

It seems very apparent thet Esch. coli and Zsche

comaunior are the predominating organisms in the bacter-
ial flora of the feces of the normal adult bird as well
as being constant inhabitants., The remaining orgenisms
apparently are of little significance and their ptresence
"is no doubt governed by certain symbiotic relations that
exist from time to time or by chance. ZIEven birds under
similar conditions of environment have a wife range of

variance in the species of organisms present, excepting

of course the colon organisms,

Sal., pullorum was found in the intestinal contents

of all of the chicks affected with pullorum disease.
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The fact that this organism was found in the intestin-

al contents of two chicks even though it was not iso-
lated from the organs of these birds would lead one to
believe, as suggested by ¥allmann (17), that the intestin-
al contents as well as organs should be cultured when

autopsies are held on suspicious chicks, Sal. pullorum

was found to be present in the intestinal contents of
one diseased adult bird to the extent of 26.4 per cent.
Thus it would appear that adult birds may in some in-
stances spread this organism in their droppings. It is
not known whether this bird was a reactor to the

agglutination test for pullorum disease.

Organisms found in the intestinal contents of the
tmenty diseased birds consisted chiefly of organisms
of the paratyphoid and typhoid group. It seems very
likely that the presence of worms or coccidia or both
in the intestinal tract may produce a condition in which

the percentage occurrence of Esche c0li and Esch.con-

munior is greatly reduced thus allowing the establish-
ment and multiplication of pathogenic organisms. The
marked presence of paratyphoid and typhoid organisms in
the intestinal contents of the diseased adult birds would
lead one tovthe conclusion that the colon type of or-
ganism does much to prevent invasion of the intestinal

tract by pathogenic bacteria.

It would appear that possibly some of the acute
deaths occurring in coccidiosis and worm infestation may

be due to invasion by pathogenic orzanisms throuzh the



inflamed or broken mucosa and in a few instances may
even be due to invasion by the colon organisms them-

selves.

It is very unlikely that cellulose is decomposed
in the intestinal tract of the normal fowl., ZXrom the
experimental data it would appear that cellulose is
not decomposed with any degree of rapidity unless great
numbers of cellulose decomposing organisms are present,
Since the time required for food to pass through the in-
testinal tract of the bird is comparatively short it
vould appear that this time is much too short for cell-
ulose decomposition to take place., It appears that the
colon organisms are constant inhabitants of the intestin-
al tract of normal adult birds and since the intestinal
contents are a more favorable medium for the growth of
these organisms it would seem that they would tend to in-
nibit the growth of cellulose decomposing organisms.
While it is true that the feces of some birds are semi-
fluid in consistency and contain practically no cellulose
no accurate estimate can be made of the amount of cell-

ulocse individual birds actually ingest.

It is no doubt true that many organisms that invade
the intestinal tract of birds cahnot be isolated by the
procedure used in this study. These organisms are prob-
ably of little concern,howvever, as far as disease in the
fowl is concerned.

The average pH of eighty one samples of feces taken

from the same nunmber ofhnormal adult birds was 6,72 .
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X. COICLUTICTS.

Crzenisms of the colen group apvear to be constent in-
abhiteants of the intestinal tract of meture birds.
They representcd an average of 00 per cent of the
totel organisms present in the feces of the tiren-

ty adult birds studicd.

The bacteriel flora of the fzsces of ten %o weeir o0ld
chicks studied did not differ fuadenentally from
hat of the adult birds e:xcept that there ras nore
or less instabiliiy 2s for as ti:c presence of or-

cenisms of

In this study all of the ten chicis affec

npullorum Gisease harbtored 3Sal. nullorum in their

intestinal contents,.

Trrenty adult birds affected with enteritis shoved

predominence of organisms of the paratyphoid and

jon

typhoid group in the intestinal contents and a very
re.rked decrease in the number of colon orzanicsms
present.

The finding of 82l. nullorum in the intestinal contents

of one hen would lead one to believe that some adult

birds may carry and spread this orzanism in their dronw»ings,

-
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6e A large number of samples of feces of adult birds

decomposed cellulose when placed in Omeliansky's

mredium but it is doubtful if cellulose decomposition

occurs in the intestinal tract of birdse.

7« The average pH of the feces of 381 healthy adult birds

Was 6672 o
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